In 1984, a study was initiated to improve the old fabrication procedure in order to obtain a more uniform grain structure for the recrystallized sheet and to reduce the quantity of rejected material owing to internal delaminations and surface defects. Our approach addressed two major changes in the fabrication procedure. The first was to modify the rolling schedule on standard arc-melted and drop-cast 0.5-kg ingots to determine the optimum amount of rolling reduction required on the casting to ensure a uniformly worked structure before recrystallization. It was also necessary to select a recrystallizing temperature after the initial reduction that would give uniform grain size before rolling the plate to final thickness. The control of worked structure and recrystallization would give equiaxed grains when the worked plate was annealed. The second change in the fabricating procedure was to make a large 7-kg ingot by the consumable-electrode arc-melting process to determine whether ingot porosity could be eliminated and to demonstrate the feasibility of casting a billet of sufficient size to extrude into rectangular bar and then roll into sheet.
A rolling experiment in 1984 demonstrated that increased hot reduction prior to recrystallization and lowering of the recrystallizing temperature from 1400 to 1300**C produced a uniform structure for final working. The microstructure of the final rolled sheet, after a recrystallization heat treatment of 1 h at ISOO'C, revealed nearly equiaxed grains. Equiaxed grains after annealing at ISOO^C are important, as formed iridium cups are recrystallized at that temperature.
In another experiment, two standard-sized rolling sections cut from a consumable arc-melted ingot were found to be free of large porosity and shrinkage cavities as determined by radiographic examination.
Measurements of weight and volume by displacement techniques gave calculated values for both sections that approached theoretical density that indicated fine porosity was not present. The sections were rolled by the standard process, and the resultant sheets were fabricated into forming blanks of about 52-mm in diameter by 0.65-mm thick. No indication of delaminatlon was found by ultrasonic inspection, and only one blank was rejected for a defect detected by dye penetrant. Office of Nuclear Energy, U.S. Department of Energy. Our objective of the continued study was to determine if the quality of DOP-26 alloy blanks can be improved significantly by casting an ingot by consumable-electrode arc melting, extruding the ingot to rectangular bar, and then producing sheet from the bar with a rolling schedule modified for the extruded geometry.
The goal was to reduce the ultrasonic-defect-indication rejection rate of finished blanks from approximately 30% to 15% or below during production.
The material must fulfill the MP specification SPA790430 for blanks.
Production qualification of the consumable arc-extrusion route iridium blank process will include demonstration of (1) 
EXPERIMENTAL FABRICATING PROCEDURES
The fabricating process for conversion of iridium powder to a finished DOP-26 alloy blank is a relatively complicated task consisting of several operations. In developing the procedures for process improvement, many of the standard operations remained the same as those used to produce blanks for the general purpose heat source^ for the Galileo and Ulysses spacecraft. Procedures for powder preparation, electron beam melting, machining, and final cleaning, sampling, and inspecting were identical to the standard procedures. The length of the standard-sized ingot was increased to produce long sections for the consumable arc-melting electrodes; however, the major changes were to add processes for consumable arc-melting, extruding, and modifying the rolling procedure.
The development of each procedure is discussed in the following sections, along with the results of evaluating the produced material. A schematic diagram of the process modifications is shown in Fig. 1 . to 25 s, and therefore permitted only minor cooling to occur. Each extrusion was straightened on a 4.5-MN (500-ton) press while above 1000°C. reduction at 1200*'C before recrystallization, lowering the recrystallizing temperature from 1400 to 1300''C, and increasing the hot finishing temperature from 1000 to 1100*0. The latter change achieved a more uniform thickness across the sheet than standard-processed material. The uniformity in thickness also reduced tension at the plate edges; that is, no edge cracking was observed in the new process material, whereas old process material required edge trimming to remove cracks.
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Four rolling billets from each extrusion, which includes the initial one cut for preliminary rolling experiments and those later cut from both ends and the center of each extrusion, were rolled using the revised process. The sheets were fabricated into forming blanks that we inspected and sampled in accordance with quality assurance procedures for flightquality hardware. Since it was planned that further testing would be conducted at MP, SRP, and LANL, a controlled and documented process was used to produce the blanks from both ingots. Forty-one blanks were obtained from the eight rolled sheets; seven rolling billets are stored for either future use or recycle. 
METALLOGRAPHY
The experimental consumable arc-melted and extruded bar has a hot reduction of 6.26:1 in area (84% in area) at the start of hot rolling, whereas the standard ingot is in the as-cast condition. As a result, structure develops differently for the two processes during initial hot rolling. .00 urn The B-2 consumable, arc-cast ingot was extruded at a higher temperature of 1250°C. As shown in Fig. 13 , the resultant structure of the B-2 bar has a larger grain size than the B-1 bar in Fig. 9 , and it also has few small grains. The transverse, as-extruded structure for the B-2 bar in Fig. 14 Figure 15 shows the B-2 rolling billet structure after being hot rolled at 1200°C to a reduction in thickness of 74%, Again, as with the B-1 rolling billet, evidence of the cast grain structure has disappeared and some cold work remained. However, the recrystallized grain size is slightly larger than B-1. In Fig. 16 , on annealing at 1300°C for 1 h, the structure was also completely recrystallized to produce a grain size similar to that found in B-1,
The similarity of the grain size and morphology of both B-1 and B-2 rolling billets after recrystallization at 1300°C indicates that the extruding temperature difference of 50°C had minimal affect on their structures. Moreover, the recrystallizing temperature after primary breakdown has been successfully lowered from 1400°C for the standard The photomicrographs of Figs. 18 through 20 may be compared to our metallographic standard that is used to qualify sheet for allowable recrystallization shown in Fig. 21 . The structure of the new-processed material exhibits more uniformity than the standard, which permits 5% recrystallization. The lesser thickness of the standard in Fig. 21 corresponds to that of a ground blank, whereas Figs. 18 through 20 depict the sheets before grinding to size.
The recrystallization and grain growth behavior of the new-processed DOP-26 alloy is important as a larger grain size will adversely affect impact properties.5 Figure 22 shows a representative microstructure from extruded and rolled new process sheet that has been recrystallized for 1 h at 1300°C. 
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The grains show the anticipated elongation in the rolling direction that is the typical appearance of the standard-processed sheet. Figure 23 shows the structure for a 1-h recrystallization of standard processed sheet at 1500''C. The new processed sheet recrystallized 1 h at 1500°C shown in Fig. 24 Table 1 lists the results of chemical analyses for two ingots and the eight sheets that were fabricated. The top of each ingot was first trimmed and then sampled to determine if dopants of aluminum and thorium and also Impurities had concentrated in the upper portion of the melt.
Sampling of the sheets corresponded to the standard sheet qualifying procedure for certification of blanks. However, it can be seen from the data in Table 1 that there are no concentration gradients between the two ingots or among the eight sheets.
All reported values in Table 1 
NONDESTRUCTIVE EXAMINATIONS
The 41 blanks that were cut from the eight sheets were examined to detect greater than 0.9-mm-diam flaws with our standard-process ultrasonic inspection procedure; no indication of defects were found. In another test, the sensitivity of the ultrasonic examination was increased to reveal indications of flaws as small as 0.5 mm in diameter (ref. 6). Each blank was then retested; one blank from each extrusion was found to show reduced transmission of ultrasound in one area.
Our standard-process, dye-penetrant inspection revealed indications of pit-type defects on six blanks cut from the B-1 sheets; however, upon reworking and reinspectlon, all passed. No dye-penetrant indications of defects were found on blanks cut from the B-2 sheets.
Visual examination of standard process material revealed no defects on the 41 blanks from the B-1 and B-2 sheets. •^Isotoplc dilution mass spectrographic analysis.
The results from our standard-process nondestructive examination for flight-quality hardware show that all the new-process blanks passed the tests for ultrasonic, dye-penetrant, and visual indications of flaws giving 0% defects. In comparison to standard-process blanks where rejections average 30 to 40%, the new process appears to offer a significant increase in the yield of acceptable blanks. Additionally, the results for two sensitivities of simulated flaws (a blank with drilled flat-bottomed 0.9-and 0.5-mm-diam holes) also suggest that reduction in permissible size of defect would increase rejection of otherwise flight-quality blanks by only 5%.
SUMMARY AND CONCLUSIONS
Incorporation of iridium processing improvements into the standardprocess procedure showed positive results. The primary goal of reducing ultrasonic-detected defects from 30 to 15% or below was met with 100% acceptance of all blanks by the specified inspections for flight-quality hardware. The blanks were also inspected using a higher sensitivity inspecting process that increased the rejection rate in 41 tested blanks by only 5%.
Homogeneity of the consumable arc, casting and extruding process was demonstrated, as no significant differences could be found in the microstructure between sheets produced from within a single extruded ingot or between two extruded ingots. The chemical analyses of the cast consumable electrode and the sheets rolled from the extrusions indicate that no elemental gradients occur on casting a 7-kg ingot, that dopant concentrations are uniform, and that trace elements are low and well within specification.
It is apparent that the elimination of porosity and shrinkage defects from small arc-cast ingots contributed strongly to the reduction of defects in the rolled sheets. Also, the extrusion of large consumable arc-melted castings and their subsequent fabrication into sheet with increased hot reduction followed by a lower recrystallizing temperature treatment has potential to minimize the ingot-to-ingot variations in chemistry and structure that occur with the current standard process.
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The elimination of many steps in handling and recycling small castings and apparent reductions in recycled iridium, chemical analyses, and defective blanks will undoubtedly reduce costs for future production.
The first major step In acceptance of the new process for the fabrication of flight hardware now awaits the outcome of demonstrations to be conducted at MP on cup forming, at SRL on weldability, and at LANL on highstrain-rate biaxial mechanical properties for impact safety verification tests. The results of the above tests are scheduled for completion in 1986.
